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(57) ABSTRACT

An ultra-wideband assembly is provided. The assembly
includes a non-conductive tapered core having an outer sur-
face, a proximate end and a distal end being larger than
proximate end. The assembly includes a conductive wire
having a proximate end and a distal end and being wound
about at least a portion of the non-conductive tapered core.
The proximate end of the conductive wire extends away from
the proximate end of the tapered core and is being conduc-
tively coupled to a micro-strip line of a circuit board. The
distal end of the conductive wire extends away from the distal
end of the tapered core. The conductive wire contacts at least
a portion of the outer surface of the non-conductive tapered
core. The assembly includes a supporting bracket coupled to
the non-conductive tapered core. The supporting bracket is
configured to dispose the non-conductive tapered core at a
predetermined angle to the circuit board.

18 Claims, 15 Drawing Sheets




US 9,171,669 B2

Sheet 1 of 15

Oct. 27, 2015

U.S. Patent

100+




U.S. Patent

Oct. 27, 2015 Sheet 2 of 15

i
W
Cjé{rg‘%;; S

\!’g;ﬁ
i

0

}%" :?,'ﬁ%

SRR ST
;;{fﬁ’:ﬁ’f’i.f;f{gf. ,;?_;ﬁ N S
eSS, ’;’)‘_f;{;}:/i?'

i SRS
iy

US 9,171,669 B2



U.S. Patent

Oct. 27,2015 Sheet 3 of 15

180

AN 100

US 9,171,669 B2



US 9,171,669 B2

Sheet 4 of 15

Oct. 27, 2015

U.S. Patent

Fig. 2A




U.S. Patent Oct. 27, 2015 Sheet 5 of 15 US 9,171,669 B2




U.S. Patent Oct. 27, 2015 Sheet 6 of 15 US 9,171,669 B2

e N e e N g e TN e e




US 9,171,669 B2

Sheet 7 of 15

Oct. 27, 2015

U.S. Patent

510 562

512

570~

Fig. 5A

:.,. ,,\, P
Pa i \\ 7 i
P ]
pd .}va‘l%w..nﬂw\\s\\ I G -~
i ; ¥ 5
[l <
& [P i
WY Ly

Fig. 5B



US 9,171,669 B2

Sheet 8 of 15

Oct. 27, 2015

U.S. Patent

Fig. 5D

500~




US 9,171,669 B2

Sheet 9 of 15
7

57

Oct. 27, 2015

U.S. Patent

S

Ao

AV

.

.
S
o

WA
W S i

¢
POV I TSN DU SP I

Fig. 5F




U.S. Patent Oct. 27, 2015 Sheet 10 of 15 US 9,171,669 B2

1 (1)S21/M dB
0.50¢ LogMag C 2-PORT ...........

8,008 e e _
0.50 S e '
-‘;GO ...........

(1) 511/M dB ' 1.
-20.00 4 LogMag C 2-PORT oy :

-25.00+ N | WA R \\! \ !I

LOSS, dB

Vo1 A ——
3500 gt L
-40.004 4]

-45.00 11 - i bl
Ch1: START 400.000 MHz — STOP 40.0000 GHz

B

FREQUENCY, Hz

Fig. 6



US 9,171,669 B2

Sheet 11 of 15

Oct. 27, 2015

U.S. Patent

BL B



US 9,171,669 B2

Sheet 12 of 15

Oct. 27, 2015

U.S. Patent

voL

0oL -~

g4 "ol



US 9,171,669 B2

g G4
ZH9 G00°00y doiS — ZHN Q0000 HOISTYD

~.
o~
R Rt S
Ve R

Sheet 13 of 15

Oct. 27, 2015

U.S. Patent




US 9,171,669 B2

Sheet 14 of 15

Oct. 27, 2015

U.S. Patent

48 Ol

— ZHN

HS oooany doig

COC0CY HMSHLUD

IaTaudl

i B

SN

0G0~

................. Snnnnsas .
e T RSSO i
I e Samtigoos 3 ey :
= S
K T
H H e i 4
4 ! .
5
)
;
3

OG0

059G

Q0L




U.S. Patent Oct. 27, 2015 Sheet 15 of 15 US 9,171,669 B2

FiG. 9.



US 9,171,669 B2

1
ULTRA-WIDEBAND ASSEMBLY SYSTEM
AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and is a divi-
sional of U.S. patent application Ser. No. 13/100,521, filed
Mar. 4, 2011, entitled “Ultra-Wideband Assembly System”,
which is a continuation-in-part of U.S. patent application Ser.
No. 12/080,646 to Mruz, filed on Apr. 4, 2008, and entitled
“Ultra-Wideband Assembly System and Method,” the disclo-
sures of which are incorporated herein by reference in its
entireties.

TECHNICAL FIELD

Some embodiments of the current subject matter generally
relate to electrical circuits. Specifically, the current subject
matter relates to ultra-wideband assembly systems and meth-
ods that provide a wide range of operational frequencies with
low insertion loss. In some embodiments, the current subject
matter relates to coil brackets for use in ultra-wideband
assembly systems and methods.

BACKGROUND

With the development of multi-media technology, there is
an increasing demand for constructing optical communica-
tion networks that are capable of providing transmissions at
high speeds and accommodating large volumes of informa-
tion. There is also a demand to provide such transmissions at
lowered costs and over long distances. Various conventional
systems that provide transmission high rates between 10 Gb/s
to over 40 Gb/s have been developed or are currently under
development.

To accommodate such high speeds of transmission, elec-
tronic circuits having bias-tee (also referred to as “bias-1")
packages disposed on transmitter-receivers have been devel-
oped. A conventional bias-tee circuit is in actuality a form of
amultiplexer having three ports arranged in the shape of a “T”
and having frequencies ranging from below 30 KHz to at least
40 GHz pass horizontally through the T, and combine with
much lower frequencies including DC from the bottom path
used to bias and/or modulate transistors, diodes, and passive
circuits. The circuit is a simple composition of one capacitor
and one coil with some attention paid to details.

In the conventional systems, the construction of a horizon-
tal bar of the T is based on one or more of the many forms of
transmission line having low-loss, non-conducting material,
including gas, act as a dielectric. At one point, a small slice is
cut out from the transmission line conductor. Thus, a capaci-
tor is formed and low frequencies are blocked. This kind of
capacitor has an advantage that it is nearly invisible to higher
frequencies. To pass frequencies of typically several mega-
Hertz and lower, the capacitance has to be increased. An
ultra-wideband capacitor, such as type 545L capacitor manu-
factured by American Technical Ceramics Corporation, and
disclosed in the co-owned U.S. Pat. No. 7,248,458 to Mruz,
the disclosure of which is incorporated herein by reference in
its entirety, can be configured to accomplish this task without
adding significant perturbations to the insertion loss and
return loss characteristics of the original straight-through
line.

A small coil made of fine wire with an air core, a dielectric
core, ferrite core, or a powdered iron core connects the inner
conductor of one of the sides of the capacitor with the port in
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the outer conductor leading down the T. Frequencies above of
approximately 16 KHz hit the coil at the small end. Because
of increasing diameters of the coil as the windings progress
along the tapered length of the core, its resonances are dis-
tributed across the entire frequency range of the T causing its
inductive reactance characteristic to vary uniformly with fre-
quency. This results in a virtually resonance-free increase in
the inductiveness of the coil, which, in-turn, causes a linear
reduction in an RF leakage from the transmission line, as the
frequency increases. Because of size constraints, this type of
singe layer, tapered coil cannot be made with enough induc-
tance to sufficiently prevent RF leakage that occurs at very
low frequencies. Thus, conventional systems implement a
second coil, having considerably more inductance, to be
placed in-series with the first tapered coil starting at the large
end of the first tapered coil.

Any resonances that may result from the larger coil and
interactions between these two tandem coils are dampened by
two resistors placed across the larger coil and in-series with
both coils, respectively.

The conventional bias-tee packages are commonly used for
biasing of photodiodes (vacuum and solid state), Microchan-
nel plate detectors, transistors, and triodes. This stops high
frequency energy from leaking onto a common power supply
rail and stops noise from the power supply from leaking onto
the signal line.

The conventional systems employing the bias-tee packages
suffer high and erratic insertion loss (i.e., a decrease in trans-
mitted signal power) when operated over a wide range of
operational frequencies. Thus, there is aneed for a system that
can operate in a wide range of frequencies and with low and
well-behaved insertion loss.

SUMMARY

In some embodiments, the current subject matter relates to
an ultra-wideband assembly in an electrical circuit having a
circuit board with a conductive micro-strip line is provided.
The assembly includes a non-conductive tapered core having
an outer surface, a distal end, and a proximate end. The distal
end is being larger than proximate end. The assembly
includes a conductive wire having a proximate end and a
distal end and being wound about at least a portion of the
non-conductive tapered core. The proximate end of the con-
ductive wire extends away from the proximate end of the
non-conductive tapered core and is being conductively
coupled to the micro-strip line of the circuit board. The distal
end of the conductive wire extends away from the distal end
of'the non-conductive tapered core. The conductive wire con-
tacts at least a portion of the outer surface of the non-conduc-
tive tapered core. The assembly includes a supporting bracket
coupled to the non-conductive tapered core. The bracket
includes a base portion and a core attachment portion. The
base portion is being conductively coupled to the circuit
board. The core attachment portion is being coupled to the
distal end of the non-conductive tapered core and is further
being conductively coupled to the distal end of the conductive
wire. While being coupled to the non-conductive tapered
core, the supporting bracket is configured to dispose the non-
conductive tapered core at a predetermined angle to the cir-
cuit board.

In some embodiments, the following optional features can
also beincluded. The predetermined angle can be in arange of
greater than or equal to 10 degrees and up to substantially 90
degrees with respect to the circuit board. The assembly can
also include a dielectric layer disposed on top of at least a
portion of the conductive wire being wound on the non-
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conductive tapered core, the dielectric layer being disposed
substantially near the proximate end of the non-conductive
tapered core. The assembly can include a metal pad coupled
to the dielectric layer at the proximate end of the non-con-
ductive tapered core. The dielectric layer can be configured to
extend away from the outer surface of the non-conductive
tapered core. The dielectric layer can have a thickness in
range between approximately 0.004 inches to approximately
0.035 inches. The dielectric layer can be manufactured from
low loss dielectric material having a low dielectric constant.
The dielectric material can be a hydrocarbon ceramic loaded
glass. The metal pad can have a thickness in the range of
approximately 0.0005 inches to approximately 0.003 inches.
The metal pad can include a copper layer, whereby the copper
layer is configured to be initially electroless-deposited on the
dielectric layer and then electroplated onto the dielectric layer
and then the copper layer is configured to be plated with a
metal selected from a group consisting of tin, lead/tin com-
bination, silver, and gold. The metal pad can be configured to
contact the proximate end of the conductive wire to generate
a robust contact with a micro-strip line of the circuit board.
The supporting bracket and the distal end of the conductive
wire can provide a robust contact with the circuit board. The
non-conductive tapered core can have a tetrahedron shape.
The non-conductive tapered core can have a triangular pyra-
mid shape. The non-conductive tapered core can also have a
multi-dimensional polygonal shape. The non-conductive
tapered core can be composed of powdered iron. The assem-
bly can be configured to reduce insertion loss in a frequency
range from below 10 KHz to over 100 GHz. The dielectric
material can be manufactured from a material selected from a
group consisting of: a hydrocarbon ceramic loaded glass,
ceramic, ceramic reinforced glass or PTFE-based materials,
PTFE materials reinforced with glass fibers, hydrocarbon
ceramic composites, and rigid plastic.

In some embodiments, the current subject matter relates to
a method of manufacturing an ultra-wideband assembly for
placement in an electrical circuit having a circuit board with
a conductive micro-strip line. The method includes providing
a non-conductive tapered core an outer surface, a distal end,
and a proximate end. The distal end being larger than proxi-
mate end. The method includes providing a conductive wire
having a proximate end and a distal end and winding the
conductive wire about at least a portion of the non-conductive
tapered core. The proximate end of the conductive wire
extends away from the proximate end of the non-conductive
tapered core and is being conductively coupled to the micro-
strip line of the circuit board. The distal end of'the conductive
wire extends away from the distal end of the non-conductive
tapered core. The conductive wire contacts at least a portion
of the outer surface of the non-conductive tapered core. The
method also includes providing a supporting bracket for cou-
pling to the non-conductive tapered core. The supporting
bracket having a base portion and a core attachment portion.
The base portion is being conductively coupled to the circuit
board. The core attachment portion is being coupled to the
distal end of the non-conductive tapered core and is further
being conductively coupled to the distal end of the conductive
wire. While being coupled to the non-conductive tapered
core, the supporting bracket is configured to dispose the non-
conductive tapered core at a predetermined angle to the cir-
cuit board.

Further features and advantages of the invention, as well as
structure and operation of various embodiments of the inven-
tion, are disclosed in detail below with references to the
accompanying drawings.
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4
BRIEF DESCRIPTION OF THE FIGURES

The current subject matter is described with reference to
the accompanying drawings. In the drawings, like reference
numbers indicate identical or functionally similar elements.
Additionally, the left-most digit(s) of a reference number
identifies the drawing in which the reference number first
appears.

FIGS. 1a-i illustrate exemplary non-conductive tapered
cores, according to some embodiments of the current subject
matter.

FIG. 2a-b illustrates exemplary non-conductive tapered
core assemblies having a metal bracket, according to some
embodiments of the current subject matter.

FIG. 3a illustrates exemplary non-conductive tapered core
having a dielectric layer and a metal pad, according to some
embodiments of the current subject matter.

FIGS. 3b-c illustrate another exemplary non-conductive
tapered core assemblies having a metal bracket, according to
some embodiments of the current subject matter.

FIG. 4a-b illustrate exemplary capacitor(s) mounting,
according to some embodiments ofthe current subject matter.

FIGS. 5a-f illustrate exemplary bias-tee assemblies,
according to some embodiments ofthe current subject matter.

FIG. 5g illustrates another exemplary non-conductive
tapered core assembly having a metal bracket, according to
some embodiments of the current subject matter.

FIG. 6 illustrates two plots depicting insertion loss and
return loss using bias-tee assemblies of the current subject
matter.

FIGS. 7a-b illustrates exemplary coil brackets, according
to some embodiments of the current subject matter.

FIGS. 8a-b illustrate plots comparing performance of the
stand alone coils and coils having a coil bracket.

FIG. 9 illustrates an exemplary “wrapping-around” of a
metal pad about a dielectric layer of the non-conductive
tapered core assembly, according to some embodiments of
the current subject matter.

DETAILED DESCRIPTION

The current subject matter generally relates to electrical
circuits and more specifically, the current subject matter
relates to ultra-wideband assembly systems and methods that
improve operational frequencies of electrical circuits. In
some embodiments, the current subject matter relates to a
pick-and-place coil bracket. In some embodiments, the cur-
rent subject matter relates to a pick-and-place coil bracket
having a dielectric tip.

In some embodiments, the current subject matter relates to
a non-conductive tapered core assembly for mounting the
core in an electrical circuit to improve operational frequency
range. FIGS. 1a-/ illustrate an exemplary non-conductive
tapered core 100, according to some embodiments of the
current subject matter. The core 100 has a shape of a pyra-
midelepiped (i.e., a pyramid having a parallelogram base). In
some embodiments, the core 100 can be a square, a rectan-
gular, atriangular, a polygonal, or any other type pyramidal or
other multi-dimensional structure. In some embodiments, the
core 100 can be manufactured from powdered iron particles.

FIG. 1a illustrates an exemplary powdered core 100,
according to some embodiments ofthe current subject matter.
As illustrated, the core 100 is configured in a form of a
pyramidelepiped. As can be understood by one skilled in the
art, the form of the core 100 can be varied and the core can
have a tetrahedron pyramid shape (as shown in FIG. 1a), a
triangular pyramid shape (as shown in FIG. 1g), or any other
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multi-dimensional polygonal shape (as shown in FIG. 14).
One of the advantages of the pyramidelepiped core 100
shown in FIG. 1a, is that it is easier to form and wind than
other shapes of the core. Further, the core having a square
cross-section provides a typical inductance of 12 uH when
#47 copper wire that is coated with single-build FORMAR®
material or is fully wound on a 0.250 inch long taper with a
0.064 inch square distal end and a sharp pointed proximate
end. As can be understood by one skilled in the art, other
inductances along with different types of wiring and sizing
can be used. The above example is provided for exemplary
non-limiting purpose. The triangular and flat shaped cores, as
shown in FIGS. 1g and 1%, may be physically suited in spe-
cific applications, for example, accommodation of drop-on
assemblies. The cores shown in FIGS. 1a-fare configured to
include a tapering angle o, which can be defined as twice the
angle formed by one of the facets of the pyramidelepiped
triangular cores with a plane that intersects the vertex of
pyramidelepiped and is perpendicular to the base of the pyra-
midelepiped (as shown in FIG. 1, illustrating a two-dimen-
sion view of the tapered core 100). In some embodiments, the
tapering angle o can be in a range from less than 10 degrees
to greater than 25 degrees. In alternate embodiments, the
tapering angle o can be in a range of 17-19 degrees. In yet
other embodiments, the tapering angle c.can be 18 degrees. In
some embodiments, the tapering angle can be uniform
throughout the pyramidelipiped. In alternate embodiments,
the tapering angle can vary from facet to facet of the pyra-
midelipiped. Also, the tapering angle of the core can vary
according to the angle of mounting of the core assembly with
respect to the circuit board (as illustrated in FIGS. 5a-¢).
Depending on the applications, the tapering angle can be a
function of the angle of mounting of the core assembly on the
circuit. In some embodiments, the tapering angle can be a
function of the angle of mounting of the core assembly on the
circuit (and vice versa).

The core 100 has an outer surface 102, a distal end 104, and
a proximate end 106. The distal end 104 is configured to be
larger than the proximate end 106. The proximate end 106 is
configured to be mounted adjacent to a transmission line on a
circuit board, as will be discussed below.

A surface area of vertex of the pyramidelepiped shown in
FIG. 1a can be configured to be a sharp point having a surface
area of substantially zero. This allows forming a sharp point
with the wire that is being wound up to the vertex of the
pyramidelepiped. In some alternate embodiments, the surface
area of the vertex point can be configured to be in the range
between 0 to approximately 0.000025 square inches. A sur-
face area of each of the side facets of the pyramidelepiped
shown in FIG. 1a is configured to be on the order of between
0.007951 square inches for the blunt tip and 0.00800 square
inches for the sharp tip in this specific example. The surface
area of the distal end (i.e., the parallelogram) is configured to
be onthe order of approximately 0.0041 square inches. As can
be understood by one skilled in the art, the above values are
provided for exemplary, non-limiting purposes, and other
surface areas are possible.

FIGS. 15 and 1c¢ illustrate exemplary embodiments of the
powdered core 114 having a dielectric 111 disposed partially
on the outer surface of the core, according to some embodi-
ments. FIG. 15 illustrates that the dielectric 111 is disposed
adjacent the proximate end of the powdered core 114. The
dielectric material 111 is configured to lower the coil’s inser-
tion loss at higher frequencies (i.e., frequencies typically
above 300 MHz). Additionally, the core material is separated
from the RF end of the coil, which causes the lowering of
resulting insertion loss when placed near a transmission line.

20

30

40

45

55

6

In some embodiments, the dielectric material 111 can be
configured to assist in formation of the soft iron into the shape
of'the powdered core 114, and thus, allows for formation of a
sharp vertex of the pyramidelipiped. Additionally, the dielec-
tric material 111 can also be configured to serve as a protec-
tive measure, thereby preventing breakage of the powdered
iron core during winding operations. In some embodiments,
the dielectric material is Rogers TMM6 material, available
from Rogers Corporation, Rogers, Conn., USA. Other dielec-
tric materials that can be used to replace portions of the
powdered iron core include dielectric materials having a
dielectric constant (which is defined as a measure of the
extent, under given conditions, to which the material concen-
trates electrostatic lines of flux) of eight or below.

FIG. 16 illustrates that the dielectric 111 is disposed
throughout the proximate region of the powdered core 114. In
some embodiments, the dielectric 111 can be disposed on the
core 114 in a tapering fashion and configured to replace a
portion of the core 114, so that the core 114 appears smooth
and without any protrusions, as illustrated in FIG. 1¢, which
shows four orthogonal views of the same core. Such tapering
disposition of dielectric also allows for a gradual change in
the length of the turns of the wiring. Such gradual change in
length of the turns is configured to allow better distribution of
resonances of the coil winding. This can be advantageous for
some application as compared to the core assembly shown in
FIG. 15, where dielectric is applied only to the tip of the core
assembly and coil windings experience a sharp change along
its winding length, which may cause small resonance effect
that will generate insubstantial variations in the swept inser-
tion loss response. These variations are not noticeable where
the tapered dielectric, shown in FIG. 1¢, is employed. How-
ever, the inductance of the coil assemblies with tapered
dielectric, shown in FIG. 1c, is less than the coil assemblies
with a dielectric being disposed at the tip of the core, as shown
in FIG. 1. As can be understood by one skilled in the art, the
dielectric material can be disposed on the core according to
any desired configuration of the system using the coil assem-
blies, as shown in FIGS. 15-c.

FIGS. 1d-1f1llustrate exemplary embodiments of the pow-
dered core 124 having a conductive wire 126 wound (forming
a winding 125) on the outer surface 128 of the core 124,
according to some embodiments ofthe current subject matter.
The conductive wire 126 includes a proximate end 132 and a
distal end 134. The proximate end 132 is configured to be
disposed substantially adjacent the proximate end 138 of the
core 124. The distal end 134 is configured to be disposed
substantially adjacent the distal end 140 of the core 124. The
proximate end 132 is configured to connect the conductive
wire 126 to a transmission line of the electrical circuit (not
shown in FIG. 1d). The proximate end 132 of the wire 126 is
further configured to extend away from the proximate end
138 of the core 124. The distal end 134 can be configured to
be coupled to an inductor (not shown in FIG. 1 4, but is shown
in FIGS. 5a-f'below). The distal end 134 of the wire 126 is
configured to extend away from the distal end 140 of the core
124.

The proximate end 132 of the conductive wire 126 is con-
figured to extend in the range of 0 inches to approximately
0.010 inches (in some embodiments, the proximate end 132
can extend in the range of 0.001 inches to less than 0.006
inches) away from the proximate end 138 of the core 124. In
some embodiments, the length of proximate end 132 of the
conductive wire 126 extending from the proximate end 138 of
the core 124 is approximately 0.006 inches.

The conductive wire 126 is configured to have a diameter in
the range of about 0.001 inches to about 0.013 inches. Insome
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embodiments, the range of diameters of the wire can be from
0.005 inches to about 0.009 inches. In some embodiments,
the diameter is equal to about 0.0007 inches. In some appli-
cations and embodiments, the diameter of the wire can extend
beyond the 0.001 to 0.013 inches range. These applications
relate to both the required inductance valve and the current
carrying capacity of the coil which interdependently relate to
both wire diameter and wire length (as length relates to the
number of turns). Such applications include amplifier front-
end and driver stage decoupling networks, varactor diode bias
voltage RF isolation inductors, and PIN switch DC driver
networks. As can be understood by one skilled in the art, other
diameters of the wire are possible. The wire 126 is configured
to be wound around the entire conductive core 124. In some
embodiments, the wire 126 is configured to be wound around
aportion of the conductive core 124. Such partial winding can
beuseful in applications such as those shown in and discussed
in connection with FIG. 5a. In these embodiments, the distal
end of the core assembly is sometimes machined off at an odd
angle to make it compatible (mechanically or otherwise) with
another coil assembly to which the first assembly is being
coupled.

Asillustrated in FIGS. 1d-1f, the wire 126 is wound around
the core 124 so that there is substantially no spacing between
the turns of the wire 126, i.e., the wire 126 is being tightly
wound around the core 124. In some applications and/or as
desired, the wire 126 can be wound around the core 124 with
some predetermined spacing. This spacing can either be con-
stant along the length of the coil or it can vary along the length
of the coil.

In some embodiments where the above tapered coils are
used, the ultra-wideband assembly formed by the core and the
windings discussed above, when connected in a circuit are
configured to maintain signal levels (or minimize insertion
loss, which is the decrease in transmitted signal power result-
ing from the insertion of a device in a transmission line or
optical fiber) in a frequency range of below 70 MHz to at least
40 GHz. In some embodiments where smaller tapered coils
are employed, the lower frequency attenuation limits can be
moved substantially higher than the 70 MHz and remain
extended to at least 40 GHz. In some embodiments, the cur-
rent subject matter’s assemblies are configured to maintain
signal levels (or minimize insertion loss) to below 1.0 decibel
(“dB”) in a frequency range of at least 16 KHz to 40 GHz.
Further, in some embodiments, the current subject matter’s
assemblies can be configured to maintain signal levels in a
range from below 100 KHz to over 100 GHz range.

There are various ways to manufacture the tapered core
124. In some embodiments, the tapered core can be pressed
into a mold by conventional press equipment that is config-
ured to press iron cores into a desired shape (or one shown in
FIGS. 1a-k). One of the issues involved with using a mechani-
cal press to manufacture tapered core is the fragility of the
tapered core. Because of this characteristic, it is difficult to
form a sharp point of the core (as shown in FIGS. 1a-1f), i.e.,
it typically breaks off.

In some embodiments, the material, i.e., iron powder, can
be mixed with epoxy into a thick colloidal paste and then
poured into a mold that has been sprayed with a release agent.
The release agent is a substance used in molding and casting
that aids in the separation of a mold from the material being
molded and reduces imperfections in the molded surface. In
this case, the examples of a release agent that can be used are
typical non-contaminating release polymers manufactured
by Frekote and others. Wax and silicon agents can also be
employed. As can be understood by one skilled in the art,
other types of release agents can be used. One of the issues
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involved in this method of manufacturing the powdered core
is that the epoxy that is suspended along with the iron par-
ticles makes the core somewhat ineffective as compared to the
core without the epoxy. Thus, the resulting inductance of the
core with the epoxy is only typically about 70% of what it
could be without the epoxy.

Another way to manufacture the powdered core is to take a
pressed rod (or any other configuration) and sand (or abrade)
it into the configuration shown in FIGS. 1a-f. The pressed rod
can be changed into the configuration shown in FIGS. 1a-f
using any other suitable fashion or method. Then, in some
embodiments, the sanded core can be coated with a thin
varnish to strengthen it. Subsequent to the coating step, wire
can be wound around the core starting at the proximal (or
pointed end). In some embodiments, the winding can start
within three turns of the pointed end.

In some embodiments, the inductance value of the tapered
coil assemblies illustrated in FIGS. 1a-% can range from 2
microhenries (“uH”) to over 20 pH. In alternate embodi-
ments, the inductance value can range from 5-12 pH. Yet in
other alternate embodiments, the inductance value of the
assembly can be 10 pH.

As can beunderstood by one skilled in the art, the length of
the core and the distal end cross-section dimensions can vary
based upon, for example, the number of turns of the wire that
are desired, as well as any other parameters of the assembly.
In some embodiments, the area of the proximate tip does not
vary.

FIG. 2a illustrates an exemplary ultra-wideband assembly
200 that includes the conductive tapered core 202 having a
metal bracket 220 configured to be coupled to the core 202 to
the circuit board 254, according to some embodiments of the
current subject matter. The core 202 includes a conductive
wire winding 204 configured to be wound around the core 202
in a fashion similar to the winding around core 101 illustrated
in FIGS. 1a-4. The conductive tapered core 202 includes an
outer surface 206, a distal end 208, and a proximate end 210.
The distal end 208 is configured to have a larger surface area
than the proximate end 210. The proximate end 210 is con-
figured to be disposed substantially adjacent a micro-strip
transmission line 252 of the circuit board 254. The conductive
wire 204 includes a proximate end 212 and a distal end 214.
The proximate end 212 is configured to be disposed substan-
tially adjacent the proximate end 210 of the core 202. The
distal end 214 is configured to be disposed substantially adja-
centthe distal end 208 of the core 202. The proximate end 212
of'the wire 204 is configured to be connected to the transmis-
sionline 252 of the circuit board 254. The distal end 214 of the
wire 204 is configured to be coupled to a supporting bracket
220.

One end or a core attachment portion 224 of the bracket
220 is configured to be coupled to the distal end 208 of the
core 202, as illustrated in FIG. 2a. Another end or a base
portion 226 of the bracket 220 is configured to be coupled to
the circuit board 254. The base portion 226 is also configured
to be conductively coupled to the circuit board 254.

The bracket 220 is configured to position the core 202
having the winding 204 at a particular angle [ with respect to
the circuit board 254. In some embodiments, the angle
between the central axis of the tapered core 202 and the
horizontal top surface of the micro-strip board in a range of
greater than 25 degrees to 90 degrees (i.e., substantially ver-
tical mounting of the core 202). In some embodiments, range
of'angles is in the range of 40 degrees to 70 degrees. In some
embodiments, the angle 3 is 63 degrees to the micro-strip line,
as illustrated in FIG. 26b.
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FIGS. 3a-c illustrate an exemplary ultra-wideband assem-
bly 300 that includes the conductive tapered core 302 having
a metal bracket 320 configured to couple the core 302 to the
circuit board, according to some embodiments of the current
subject matter.

The core 302 includes a conductive wire winding 304
configured to be wound around the core 302 in a fashion
similar to the winding around core 101 illustrated in FIGS.
la-k. The conductive tapered core 302 includes an outer
surface 306, a distal end 308, and a proximate end 310. The
distal end 308 is configured to have a larger surface area than
the proximate end 310. The proximate end 310 is configured
to be disposed substantially adjacent a micro-strip transmis-
sion line of a circuit board (not shown in FIGS. 3a-c). The
conductive wire 304 includes a proximate end 312 and a distal
end 314. The proximate end 312 is configured to be disposed
substantially adjacent the proximate end 310 of the core 302.
The distal end 314 is configured to be disposed substantially
adjacent the distal end 308 of'the core 302. The proximate end
312 of the wire 304 is configured to be connected to the
transmission line of the circuit board.

In some embodiments, the ultra-wideband assembly 300
includes a dielectric layer 334 that is configured to be dis-
posed substantially near the proximate end 310 of the core
302. In some embodiments, the dielectric layer 334 is con-
figured to be disposed on top of at least a portion of the
conductive wire 304. The thickness of the dielectric layer 334
can be in the range from 0.004 inches to about 0.035 inches.
The thickness of the dielectric layer 334 can be on the order of
approximately 0.010 inches. In some embodiments, the mate-
rial of the dielectric layer can be Rogers RO4350, manufac-
tured by Rogers Corporation, Connecticut, USA, which is a
hydrocarbon ceramic loaded glass. This material is charac-
terized by its strength, mechanical rigidity and stability over
a wide range of temperatures. Other similar low loss, low
dielectric constant materials with a thicknesses of 0.010
inches or less can be used if so desired. In some implemen-
tations, the width of the dielectric layer 334 can be uniform
throughout, i.e., it can have the same width from its one end
that is proximate to the transmission line and to its other end
that is distal to the transmission line. In some embodiments,
the width of the dielectric layer 334 can vary throughout, e.g.,
it can be narrower at its end that is proximate to the transmis-
sion line and it can be wider at its end that is distal to the
transmission line. Alternatively, its width can be non-inform
with some portions of the layer 334 wider than others.

In alternate embodiments, the thickness of the dielectric
layer can vary throughout the dielectric layer 334. Further, in
some embodiments, the dielectric layer can be disposed on
one side of the tapered core, while leaving the other side free
of the dielectric layer. In some embodiments where the
dielectric layer is disposed on the top side of the wound core,
the connection between the tip of the fine wire wound around
the core and the micro-strip line (or any other type of trans-
mission line), allows the tip to be closer to the micro-strip
line, thereby reducing resonant responses. In the embodi-
ments where the dielectric is disposed on the bottom side of
the core, i.e., closer to the transmission line (which makes the
tip of the wire disposed further away from the transmission
line), the resonant responses may be enhanced.

In some embodiments, the dielectric layer includes a metal
pad 338. The metal pad 338 is configured to be disposed on at
least a portion of the dielectric layer 334 and substantially
adjacent to the proximate end of the core 304. The metal pad
338 can be configured to provide a robust contact to the
proximate end 312 of the wire 304. In some embodiments, the
metal pad 338 has a thickness in the range of approximately
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0.0005 inches to approximately 0.003 inches. In some imple-
mentations, the thickness can be approximately 0.0007
inches (i.e., the thickness of a half-ounce copper cladding).
The surface area of metal pad 338 can be configured to be on
the order of approximately 0.003 square inches (i.e., approxi-
mately 0.025 inchesx0.012 inches). In some embodiments,
the metal pad is configured to be manufactured from copper
that is initially electrolessly deposited on the dielectric. Elec-
troless plating is an auto-catalytic reaction used to deposit a
coating of metal on a substrate. Unlike electroplating, it is not
necessary to pass an electric current through the solution to
form a deposit. Electroless plating has several advantages
versus electroplating. Free from flux-density and power sup-
ply issues, it provides an even deposit regardless of the work
piece geometry, and with the proper pre-plate catalyst, can
deposit on non-conductive surfaces. Subsequent to the elec-
troless plating, the tip of the dielectric material plated with
copper is electroplated with either tin, a combination lead and
tin, silver, gold, or any other suitable metal.

As illustrated in FIGS. 3a-c, the dielectric layer 334 along
with the metal pad 338 are configured to protrude away from
the proximate end 312 of the conductive core 304. The metal
pad is configured to contact the transmission line of the circuit
(not shown in FIGS. 3a-c¢).

In some embodiments, the dielectric layer 334 is manufac-
tured from a pure ceramic, ceramic reinforced glass, or poly-
tetrafluoroethene or polytetrafluoroethylene (“PTFE”) based
materials, PTFE materials reinforced with glass fibers, hydro-
carbon ceramic composites, various rigid plastics, or any
other suitable materials. The metal pad 338 is manufactured
from copper, nickel, silver, gold, palladium, or any other
suitable materials.

In some embodiments, the distal end 314 of the wire 304 is
configured to be coupled to a supporting bracket 320. One end
or a core attachment portion 324 of the bracket 320 is con-
figured to be coupled to the distal end 308 of the core 302, as
illustrated in FIGS. 3a-c. Another end or a base portion 326 of
the bracket 320 is configured to be coupled to the circuit
board. The base portion 326 is also configured to be conduc-
tively coupled to the circuit board 354. The bracket 320 is
configured to position the core 302 having the winding 304 at
aparticular angle with respect to the circuit board (not shown
in FIGS. 3a-c).

FIG. 4aillustrates an exemplary capacitance assembly sys-
tem 400 for mounting a capacitor to a dielectric board to
minimize assembly’s perturbation of an electric field of a
transmission line after mounting of the capacitor, according
to some embodiments of the current subject matter. FIG. 4a
illustrates a capacitor 402 mounted to a dielectric board 404.
The capacitor 402 can be an ultra-broadband or any other
capacitor. The capacitor 402 is configured to be mounted to
the dielectric board 404 using a low loss, high temperature
epoxy. In some embodiments, when the capacitor 402 is
mounted to the dielectric board 404, an air space 406 is
created between the capacitor 402 and the dielectric 404.
When dielectric material is brought into close proximity with
either a transmission line or an energy-carrying component,
such as a capacitor, the dielectric material attracts energy into
itself and changes the electrical characteristics of the item that
itis drawing energy (i.e., electric field) from. This undesirable
situation is minimized by removing as much of this dielectric
as practical from the sensitive regions of these structures.

In some embodiments, the capacitor is configured to be
directly attached to a transmission line of the circuit (not
shown in FIG. 4a). In other embodiments, the capacitor can
include ribbon leads 445 (a, b), as illustrated in FIG. 45, that
can be used to connect the capacitor to the transmission line of
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the circuit. The capacitor assembly 400 is configured to mini-
mize perturbation of an electric field of the circuit’s transmis-
sion line subsequent to mounting of the capacitor 402.

FIGS. Sa-fillustrate an exemplary embodiment of an ultra-
wideband assembly 500 that includes a surface mountable
ultra-broadband bias-tee, according to some embodiments of
the current subject matter. The assembly includes a tapered
core 502, an inductor 560, an ultra-wideband capacitor 562, a
bypass capacitor 564, and resistors 582, 584.

The core 502 includes a conductive wire winding 504
configured to be wound around the core 502 in a fashion
similar to the winding around core 101 illustrated in FIGS.
la-k. The conductive tapered core 502 includes an outer
surface 506, a distal end 508, and a proximate end 510. The
distal end 508 is configured to have a larger surface area than
the proximate end 510. The proximate end 510 is configured
to be disposed substantially adjacent a micro-strip transmis-
sion line 552 of the circuit board 554. The conductive wire
504 includes a proximate end 512 and a distal end 514. The
proximate end 512 is configured to be disposed substantially
adjacent the proximate end 510 of the core 502. The distal end
514 is configured to be disposed substantially adjacent the
distal end 508 of the core 502. The proximate end 512 of the
wire 504 is configured to be connected to the transmission
line 552 of the circuit board 554.

The distal end 508 of the core 502 is configured to be
coupled to a low frequency inductor 560. The low frequency
inductor 560 is configured to be mounted on dielectric sub-
strate 570, which is in turn coupled to the circuit board 554, as
illustrated in FIGS. 5a-f. In some embodiments, the inductor
560 has a value of 220 pH and is capable of handling 300 mA.
As can be understood by one skilled in the art, the inductor
560 can have a different inductance values and can be capable
of handling currents having different values. The above ref-
erenced numbers are provided here for exemplary purposes
only and are not intended to limit the scope of the current
subject matter.

The ultra-wideband assembly 500 further includes an
ultra-wideband capacitor 562 mounted to the dielectric sub-
strate 570, as further illustrated in more detail in FIG. 5d. The
capacitor 562 can be configured to be mounted to the dielec-
tric substrate 570 in a similar fashion as the capacitor shown
in FIGS. 4a-b. As such, the core 502 is configured to be
coupled to the capacitor 562, which is in turn, can be config-
ured to be coupled to the transmission line 552 of the circuit
board 554. The capacitor 562 is coupled to the core near its
proximate end 510 using the proximate end 512 of the con-
ductive wire 504. In some embodiments, the capacitor 562
can be coupled directly to the transmission line 552. In alter-
nate embodiments, the capacitor 562 can include conductive
leads (shown in FIG. 45) that can be coupled the transmission
line 552.

The assembly 500 further includes a bypass capacitor 564
mounted on the dielectric substrate 570. The capacitor 564
can be configured to be connected in parallel with the DC port
of'the bias T assembly to ground. In some embodiments, there
can be more than one bypass capacitor 564 being connected to
the bias T assembly 500. The bypass capacitor(s) 564 can be
configured to short any RF energy signals leaking through the
ultra-wideband inductor 560 and the core assembly 502 to
ground. This is accomplished by having the bypass capacitor
(s) 564 being connected to the “cold side” of the ultra-wide-
band inductor 560 and to ground. As illustrated in FIGS. 5a
and 5f, the bypass capacitor(s) 564 is disposed in the rear of
the assembly 500. As can be understood by one skilled in the
art, the location of the bypass capacitor(s) 564 is not limited
to being disposed in the rear of the bias-T assembly 500. The
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capacitors can be placed anywhere and then coupled to the
assembly, as discussed above. In some embodiments, the
capacitance of the bypass capacitor(s) 564 can range from
100 nano Farad (“nF”’) to over 220 nF. In some embodiments,
the capacitance of the bypass capacitor(s) can extend beyond
the above referenced range in various applications.

In some embodiments, the assembly 500 can further
include a damping resistor 584 and an isolating resistor 582,
as illustrated in FIGS. 5a-b. The resistor 584 is connected
in-parallel with the ultra-wideband inductor 560 and is pri-
marily used to dampen the resonant responses within that
inductor 560. The resistor 582 is an isolating resistor that
dampens any potential interactions between networks that
may be coupled to the bias-T assembly 500 and their respec-
tive electrical DC feed lines. In some embodiments, the resis-
tance of the damping resistor 584 is configured to be in a
range of 180 Ohms and higher. The resistance of the isolating
resistor 582 is configured to be in a range of approximately O
Ohms to approximately 100 Ohms.

The dielectric or base substrate 570 material can be manu-
factured from any insulating, rigid, low loss dielectric, either
a uniform composite or reinforced woven structure having a
loss tangent (which is a measure of loss-rate of power of an
electrical mode, such as an oscillation, in a dissipative sys-
tem) of 0.005 or less and a dielectric constant of 10 or less
would be acceptable. As can be understood by one skilled in
the art, any other suitable materials can be used for the dielec-
tric substrate 570.

In some embodiments, the ultra-wideband assembly 500
can be configured to attenuate signals in a frequency range of
16 KHz to about 40 GHz. In alternate embodiments, where
smaller secondary coils are employed, the signals are attenu-
ated in a frequency range of 300 KHz to about 40 GHz. In
some embodiments, the upper and lower limits of the above
frequency ranges can be specifically tailored to particular
applications and can be configured to depend on the values of
the inductor 560 and the coil assembly 502 as well as the
ultra-wideband capacitor(s) 562. In some embodiments, the
range of signal frequencies being attenuated can be from
below 10 KHz to well over 100 GHz.

In some embodiments, the assembly 500 further includes a
protective cover 575 configured to protect isolating and
damping resistors 582 and 584, respectively. The cover 575
can be manufactured from any insulating, rigid, material that
is either a uniform composite or reinforced woven structure.
The assembly 500 can be further coupled to an external DC
supply line 590, as illustrated in more detail in FIGS. 5aq, 5c¢,
and 5f. In some embodiments, Mylar tape or any other insu-
lator 599 is configured to insulate bottom contact of the bias
tee assembly from the micro-strip line ground contact. In
some embodiments, the RF ground contact of the assembly is
made with three bypass caps 588. As illustrated in FIG. 55,
the resistor 582 can be connected in series with a bias supply
line 577.

FIG. 5¢ illustrates an alternate embodiment of the bias-T
assembly 540. The assembly 540 includes a supporting metal
bracket 542, a coil assembly 544, and a capacitor assembly
546. The assembly 540 is connected to the micro-strip circuit
line 547. The bracket 542 is similar to the brackets 220 and
320 discussed in connection with FIGS. 2a and 3a-c and can
be configured to be coupled to the circuit board (not shown in
FIG. 5¢). The coil assembly 544 is similar to the coil assem-
blies discussed in connection with FIGS. 1a-3¢ and 5a-b. The
capacitor assembly 546 is also discussed in connection with
FIG. 4a. In some embodiments, the capacitor assembly 546
can be similar to the capacitor assembly 440 shown in FIG.
4b. As illustrated in FIG. 4b, the capacitor assembly 440
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includes capacitor 442 that is configured to be coupled to the
transmission or micro-strip line (not shown in FIG. 45) via
conductive ribbon leads 445a and 4455b, respectively. An
exemplary capacitor 442 can be an ultra-wideband capacitor,
such as type 5451, manufactured by American Technical
Ceramics Corporation, and disclosed in a co-owned U.S. Pat.
No. 7,248,458 to Mruz, the disclosure of which is incorpo-
rated herein by reference in its entirety. As illustrated in FIG.
4b, a coating 443 is configured to protect a circumferential
channel (not shown in FIG. 45) of the capacitor 442. The
capacitance value of the capacitor assembly 440 can be simi-
lar to the capacitance value stated above with regard to the
assembly shown in FIG. 4a. Referring back to FIG. 5¢g, the
capacitor 546 can include ribbon leads that connect the
capacitor assembly to the transmission line 547. Similarly to
FIGS. 4a-b, the capacitance value of the entire assembly can
be substantially equal to the capacitance value of the assem-
blies shown in FIGS. 4a-b. The assembly 540 further includes
a low-loss dielectric element 549 (e.g., with a dielectric con-
stant less than 10; as can be understood by one skilled in the
art, materials with other dielectric constants can be used). In
some embodiments, the thickness of the dielectric element
549 can be about 0.010 inches thick. The dielectric 549 is
gluedto the coil, and the capacitor is glued to its two legs 575a
and 5755, as shown in FIG. 5g. The wire from the coil 544 tip
is then directly connected to one of the two capacitor termi-
nals. This forms the bias tee of 540. Because, there is no
secondary coil, the low frequency end of this bias tee is about
2 MHz; the upper end is about 40 GHz. In some embodi-
ments, when a secondary coil is included, the assembly 540
can cover the frequency range from below 16 KHz to above
40 GHz.

FIG. 6 illustrates two typical plots depicting both the inser-
tion loss and return loss characteristics of the bias tee assem-
blies illustrated in FIGS. 5a-f. As can be seen from the plots,
no resonances were noted from 400 MHz to 40 GHz. Further,
insertion loss and return loss remained below 0.8 dB and 15
dB, respectively. The device remains virtually resonance free
to its lower 3 dB roll-off frequency which is typically below
100 KHz.

FIG. 7a illustrates an exemplary ultra-wideband assembly
700 that includes the tapered core 716 coupled to a supporting
bracket 710 configured to be coupled to a circuit board or any
other substrate 702, according to some embodiments of the
current subject matter. The core 716 includes a conductive
wire winding 714 configured to be wound around the core 716
in a fashion similar to the winding around core illustrated and
discussed in connection with FIGS. 1a-5g. The wire 714 can
be wound around the core 716 in any desired number of turns.
The tapered core 716 includes a distal end 724 and a proxi-
mate end 722. The distal end 724 is configured to have a larger
surface area than the proximate end 722. The proximate end
722 is configured to be disposed substantially adjacent a
micro-strip transmission line 704 of the circuit board 702 at a
coupling point 720. The conductive wire 714 includes a
proximate end and a distal end (not shown in FIG. 7a). The
proximate end of the wire 714 is configured to be disposed
substantially adjacent the proximate end 724 of the core 716.
The distal end of the wire 714 is configured to be disposed
substantially adjacent the distal end 722 of the core 716. The
proximate end of the wire 714 is configured to be connected
to the transmission line 704 of the circuit board 702 at the
coupling point 720. The distal end of the wire 714 is config-
ured to be coupled and/or electrically coupled and/or coupled
in any other fashion to the bracket 710.

The bracket 710 is configured to include a horizontal or a
core attachment portion 712 and a vertical or a base portion
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732. The horizontal portion 712 is configured to include a flat
top surface 715, and flat side surfaces 717 (a, b), and a core
end 736 having a slanted face. The vertical portion 732 is
configured to include an end 734 that is configured to be
coupled to the substrate or the circuit board 702. The vertical
portion 732 can be soldered (718) to the circuit board 702. As
can be understood by one having ordinary skill in the relevant
art, the bracket 710 can be glued, welded, soldered, heat-
sealed, molded into the circuit board, or attached to the circuit
board in any other fashion. The horizontal portion 712 is
configured to be coupled to the vertical portion 732 and
include a core end 736 at which the horizontal portion 712 is
configured to be mounted to the core 716. The core end 736 of
the horizontal portion 712 is configured to have a slanted face
to allow for coupling of the distal end 724 of the core 716. The
core end 736 can be further configured to have an area that is
substantially equal or greater than the area of the distal end
724 of the core 716. In some embodiments, the area of the
slanted face of the core end 736 can be less than the area of the
distal end 724 of the core 716. The horizontal portion 712 is
configured to be disposed at a substantially right angle with
respect to the vertical portion 732. As can be understood by
one having ordinary skill in the relevant art, the horizontal and
vertical portions of the bracket 710 can be coupled to one
another at any desired angle.

The vertical and horizontal portions 712, 732 are config-
ured to be coupled to one another to allow positioning of the
core 716 at a predetermined angle y with respect to the circuit
board 702. In some embodiments, the angle y between the
central axis of the tapered core 716 and the horizontal top
surface of the micro-strip board can be in a range of greater
than 25 degrees to 90 degrees (i.e., substantially vertical
mounting of the core 716, whereby the face of the core end
736 of the bracket 710 can be configured to be substantially
parallel to the surface of the circuit board 702). In some
embodiments, range of angles is in the range of 40 degrees to
70 degrees. In some embodiments, the angley is 63 degrees to
the micro-strip line, as illustrated in FIG. 2a. The angle y can
be configured to depend on an angle of the slanted face of the
core end 736 ofthe bracket 710. As such, decrease in the angle
of the slanted face with respect to the top surface of the
horizontal portion 712 implies increase in the angle y and vice
versa.

The vertical and horizontal portions of the bracket 710 can
be formed from a single piece of material, or can be welded,
glued, epoxied, soldered, or attached to one another in any
desired way. The horizontal portion 712 is configured to be
coupledto the core 716 via glue, welding, soldering, epoxy, or
in any other desired fashion.

FIG. 7b illustrates another exemplary ultra-wideband
assembly 760 that includes the tapered core 716 coupled to
the bracket 710 that is configured to couple the core 716 to the
circuit board 702, according to some embodiments of the
current subject matter. Similarly to FIG. 7a, the core 716
includes the conductive wire winding 714 configured to be
wound around the core 716 in a fashion similar to the winding
around core illustrated in FIGS. 1a-5g. In some embodi-
ments, the ultra-wideband assembly 760 includes a dielectric
layer 750 that is configured to be disposed substantially near
the proximate end 722 of the core 716. In some embodiments,
the dielectric layer 750 is configured to be disposed on top of
at least a portion of the conductive wire 714. The thickness of
the dielectric layer 750 can be in the range from 0.004 inches
to about 0.035 inches. The thickness of the dielectric layer
750 can be on the order of approximately 0.010 inches. In
some embodiments, the material of the dielectric layer can be
characterized by a low dissipation loss, predetermined
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strength, mechanical rigidity and stability over a wide range
oftemperatures (e.g., Rogers RO4350, manufactured by Rog-
ers Corporation, Connecticut, USA, which is a hydrocarbon
ceramic loaded glass). As can be understood by one having
ordinary skill in the relevant art, other similar low loss, low
dielectric constant materials with thicknesses of 0.025 inches
or less can be used if so desired. The dielectric layer can also
be configured to have a uniform or varying width similar to
the one discussed and shown in connection with FIGS. 3a-c¢
above.

In some embodiments, the thickness of the dielectric layer
can vary throughout the dielectric layer 750. The dielectric
layer 750 can be disposed on at least one side of the core 716,
while leaving at least one other side free of the dielectric layer.
In some embodiments where the dielectric layer is disposed
on the top side of the wound core, the connection between the
tip of the fine wire wound around the core and the micro-strip
line 704 (or any other type of transmission line), allows the tip
to be closer to the micro-strip line 704, thereby reducing
resonant responses. In the embodiments where the dielectric
is disposed on the bottom side of the core, i.e., closer to the
transmission line 704 (which makes the tip of the wire dis-
posed further away from the transmission line), the resonant
responses may be enhanced, as discussed above in connection
with FIGS. 3a-c.

Similarly to the embodiments illustrated in FIGS. 3a-c, the
dielectric layer 750 can include a metal pad 754. The metal
pad 754 can be configured to be disposed on at least a portion
of the dielectric layer 750 and substantially adjacent to the
proximate end 722 of the core 716. The metal pad 754 can be
configured to provide a robust contact to the proximate end of
the wire 714. Similar to FIGS. 3a-c and corresponding dis-
cussion, the metal pad is configured to be manufactured from
copper that can be initially electrolessly deposited on the
dielectric. In some implementations, the metal pad can have a
thickness in the range of approximately 0.0005 inches to
approximately 0.003 inches. In some implementations, the
metal pad 754 can be configured to “wrap-around” the dielec-
tric layer 750, as illustrated in F1G. 9. The “wrap-around” can
allow for better adhesion of the metal pad 754 to the dielectric
layer 750. The “wrapping-around” of the metal pad 754 can
be done around any surface of the dielectric layer 750 (e.g.,
two sides and a bottom surface; front and back surface and the
bottom surface; or in any other fashion). The metal pad 754
can be coupled to the dielectric layer 750 in any other suitable
fashion.

In some embodiments, the dielectric layer 750 can be
manufactured from a pure ceramic, ceramic reinforced glass,
or polytetrafluvoroethene or  polytetrafluorocthylene
(“PTFE”) based materials, PTFE materials reinforced with
glass fibers, hydrocarbon ceramic composites, various rigid
plastics, or any other suitable materials. The metal pad can be
manufactured from copper, nickel, silver, gold, palladium, or
any other suitable materials.

FIGS. 8a-b are exemplary plots illustrating performance
comparison of the tapered cores, where plot A corresponds to
the tapered core mounted on the bracket 710 and plot B
corresponds to the tapered core without being mounted on the
bracket 710. The performance comparison is executed over a
frequency range of 400 MHz to 40 GHz. As can be seen from
FIGS. 8a-b, both cores perform substantially identically.
However, the conductive tapered core mounted on the bracket
710 can be advantageously used for easy and convenient
mounting at any desired angle to the circuit board. Further,
use of the bracket 710 allows for efficient manufacturing
(e.g., cores coupled to the brackets can be placed on a “tape”
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reel) and placement on the circuit board as well as coupling to
the transmission line in a “pick-and-place” fashion using an
appropriate equipment.

In some embodiments, the bracket 710 can be manufac-
tured from brass, aluminum, or any other metal and/or a
combination or an alloy of metals. In some embodiments, the
bracket can be manufactured from a non-metallic material. In
this embodiment, a contact can be provided for the distal end
lead. In some embodiments, the bracket can be manufactured
from a non-metallic substance but can be metalized. Other
types of materials can be used to manufacture the bracket 710
that can include a flat top surface and can be surface mount
technology (“SMT”)-compatible.

In some embodiments, the current subject matter relates to
an ultra-wideband assembly in an electrical circuit having a
circuit board with a conductive micro-strip line and a method
of manufacturing thereof. The assembly can include a non-
conductive tapered core having an outer surface, a distal end,
and a proximate end. The distal end can be larger than the
proximate end. The assembly can also include a conductive
wire having a proximate end and a distal end and being wound
about at least a portion of the non-conductive tapered core.
The proximate end of the conductive wire can extend away
from the proximate end of the non-conductive tapered core
and can be conductively coupled to the micro-strip line of the
circuit board. The distal end of the conductive wire can extend
away from the distal end of the non-conductive tapered core.
The conductive wire can contact at least a portion of the outer
surface ofthe non-conductive tapered core. The assembly can
also include a supporting bracket coupled to the non-conduc-
tive tapered core and having a base portion and a core attach-
ment portion. The base portion can be conductively coupled
to the circuit board. The core attachment portion can be
coupled to the distal end of the non-conductive tapered core
and is further being conductively coupled to the distal end of
the conductive wire. While being coupled to the non-conduc-
tive tapered core, the supporting bracket can be configured to
dispose the non-conductive tapered core at a predetermined
angle to the circuit board.

In some implementations, the current subject matter can
include the following optional features. The predetermined
angle can be in a range of greater than or equal to 10 degrees
and up to substantially 90 degrees with respect to the circuit
board. The assembly can include a dielectric layer disposed
ontop ofatleast a portion of the conductive wire being wound
on the non-conductive tapered core, the dielectric layer being
disposed substantially near the proximate end of the non-
conductive tapered core. The assembly can also include a
metal pad coupled to the dielectric layer at the proximate end
of the non-conductive tapered core. The dielectric layer can
be configured to extend away from the outer surface of the
non-conductive tapered core. The dielectric layer can have a
thickness in range between approximately 0.004 inches to
approximately 0.035 inches. The dielectric layer can be
manufactured from low loss dielectric material having a low
dielectric constant. The dielectric material can be a hydrocar-
bon ceramic loaded glass. The metal pad can have a thickness
in the range of approximately 0.0005 inches to approximately
0.003 inches. The metal pad can include a copper layer,
whereby the copper layer is configured to be initially electro-
less-deposited on the dielectric layer and then electroplated
onto the dielectric layer and then the copper layer is config-
ured to be plated with a metal selected from a group consist-
ing of tin, lead/tin combination, silver, and gold. The metal
pad can be configured to contact the proximate end of the
conductive wire to generate a robust contact with a micro-
strip line of the circuit board. The supporting bracket and the
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distal end of the conductive wire can provide a robust contact
with the circuit board. The non-conductive tapered core can
have a tetrahedron shape. The non-conductive tapered core
can have a triangular pyramid shape. The non-conductive
tapered core can have a multi-dimensional polygonal shape.
The non-conductive tapered core can be composed of pow-
dered iron. The assembly can be configured to reduce inser-
tion loss in a frequency range from below 10 KHz to over 100
GHz. The dielectric material can be manufactured from a
material selected from a group consisting of: a hydrocarbon
ceramic loaded glass, ceramic, ceramic reinforced glass or
PTFE-based materials, PTFE materials reinforced with glass
fibers, hydrocarbon ceramic composites, and rigid plastic.

Example embodiments of the methods and components of
the current subject matter have been described herein. As
noted elsewhere, these example embodiments have been
described for illustrative purposes only, and are not limiting.
Other embodiments are possible and are covered by the
invention. Such embodiments will be apparent to persons
skilled in the relevant art(s) based on the teachings contained
herein. Thus, the breadth and scope of the current subject
matter should not be limited by any of the above-described
exemplary embodiments, but should be defined only in accor-
dance with the following claims and their equivalents.

What is claimed is:

1. A method of manufacturing an ultra-wideband assembly
for placement in an electrical circuit having a circuit board
with a conductive micro-strip line, comprising:

providing a non-conductive tapered core,

said core including
an outer surface;
a distal end; and
a proximate end,
said distal end being larger than proximate end;
providing a conductive wire having a proximate end and a
distal end and winding said conductive wire about at
least a portion of said non-conductive tapered core;
wherein
said proximate end of said conductive wire extends away
from said proximate end of said non-conductive
tapered core and is being conductively coupled to said
micro-strip line of said circuit board;
said distal end of said conductive wire extends away
from said distal end of said non-conductive tapered
core;
said conductive wire contacts at least a portion of said
outer surface of said non-conductive tapered core;
providing a supporting bracket for coupling to said non-
conductive tapered core;
said supporting bracket having
a base portion; and
a core attachment portion;
said base portion is being conductively coupled to
said circuit board;
said core attachment portion is being coupled to said
distal end of said non-conductive tapered core and
is further being conductively coupled to said distal
end of said conductive wire;
while being coupled to said non-conductive tapered
core, said supporting bracket is configured to dispose
said non-conductive tapered core at a predetermined
angle to said circuit board.
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2. The method according to claim 1, wherein said prede-
termined angle is in a range of greater than or equal to 10
degrees and up to substantially 90 degrees with respect to said
circuit board.

3. The method according to claim 1, further comprising
providing a dielectric layer configured to be disposed on top
of at least a portion of said conductive wire being wound on
said non-conductive tapered core, said dielectric layer being
disposed substantially near said proximate end of said non-
conductive tapered core.

4. The method according to claim 3, further comprising

providing a metal pad;

coupling said metal pad to said dielectric layer at said

proximate end of said non-conductive tapered core.

5. The method according to claim 4, wherein said metal pad
is configured to contact said proximate end of said conductive
wire to generate a robust contact with a micro-strip line of the
circuit board.

6. The method according to claim 3, wherein said dielectric
layer is configured to extend away from said outer surface of
said non-conductive tapered core.

7. The method according to claim 3, wherein said dielectric
layer has a thickness in range between approximately 0.004
inches to approximately 0.035 inches.

8. The method according to claim 7, wherein said dielectric
material is a hydrocarbon ceramic loaded glass.

9. The method according to claim 3, wherein said metal pad
has a thickness in the range of approximately 0.0005 inches to
approximately 0.003 inches.

10. The method according to claim 3, wherein said metal
pad includes a copper layer, whereby the copper layer is
configured to be initially electroless-deposited on said dielec-
tric layer and then electroplated onto said dielectric layer and
then said copper layer is configured to be plated with a metal
selected from a group consisting of tin, lead/tin combination,
silver, and gold.

11. The method according to claim 3, wherein said sup-
porting bracket and said distal end of said conductive wire
provide a robust contact with said circuit board.

12. The method according to claim 3, wherein the dielectric
material is manufactured from a material selected from a
group consisting of: a hydrocarbon ceramic loaded glass,
ceramic, ceramic reinforced glass or PTFE-based materials,
PTFE materials reinforced with glass fibers, hydrocarbon
ceramic composites, and rigid plastic.

13. The method according to claim 3, wherein said dielec-
tric layer is manufactured from low loss dielectric material
having a low dielectric constant.

14. The method according to claim 1, wherein said non-
conductive tapered core has a tetrahedron shape.

15. The method according to claim 1, wherein said non-
conductive tapered core has a triangular pyramid shape.

16. The method according to claim 1, wherein said non-
conductive tapered core has a multi-dimensional polygonal
shape.

17. The method according to claim 1, wherein said non-
conductive tapered core is composed of powdered iron.

18. The method according to claim 1, wherein the assembly
is configured to reduce insertion loss in a frequency range
from below 10 KHz to over 100 GHz.
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